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ABSTRACT  
Plumbogummite PbAl3(PO4)2(OH,H2O)6 is a mineral of environmental significance and is a 
member of the alunite-jarosite supergroup. The molecular structure of the mineral has been 
investigated by Raman spectroscopy. The spectra of different plumbogummite specimens differ 
although there are many common features. The Raman spectra prove the spectral profile consisting 
of overlapping bands and shoulders.  Raman bands and shoulders observed at 971, 980, 1002 and 
1023 cm-1 (China sample) and 913, 981, 996 and 1026 cm-1 (Czech sample) are assigned to the 1 
symmetric stretching modes of the (PO4)3-, at 1002 and 1023 cm-1 (China) and 996 and 1026 cm-1 
to the 1 symmetric stretching vibrations of the (O3POH)2- units, and those at 1057, 1106 and 1182 
(China) and at 1102, 1104 and 1179 cm-1 (Czech) to the 3 (PO4)3-  and 3 (PO3) antisymmetric 
stretching vibrations. Raman bands and shoulders at 634, 613 and 579 cm-1 (China) and 611 and 
596 cm-1 (Czech) are attributed to the 4 () (PO4)3- bending vibrations and those at 507, 494 and 
464 cm-1 (China) and 505 and 464 cm-1 (Czech) to the 2 () (PO4)3- bending vibrations. The 
Raman spectrum of the OH stretching region is complex. Raman bands and shoulders are identified 
at 2824, 3121, 3249, 3372, 3479 and 3602 cm-1 for plumbogummite from China, and at 3077, 3227, 
3362, 3480, 3518 and 3601 cm-1 for the Czech Republic sample. These bands are assigned to the  
OH stretching modes of water molecules and hydrogen ions. Approximate O-HO hydrogen bond 
lengths inferred from the Raman spectra vary in the range >3.2 – 2.62 Å (China) and >3.2 – 2.67 Å 
(Czech). The minority presence of some carbonate ions in the plumbogummite (China sample) is 
connected with distinctive intensity increasing of the Raman band at 1106 cm-1, in which may 
participate the 1 (CO3)2- symmetric stretching vibration overlapped with phosphate stretching 
vibrations.    
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INTRODUCTION  
 
Plumbogummite PbAl3(PO4)2(OH,H2O)6, as a Pb-Al-P dominant member of the alunite 
supergroup, is an important environmental mineral [1-2]. The mineral is found in the supergene 
zones of lead-bering deposits, usually associated with pyromorphite and other supergene lead 
minerals [3-7] and also was found in soils [8-10]. It commonly occurs as botryoidal, kidney shaped, 
stalactitic or globular crusts or masses, frequently with a concentric structure; rare crystals have a 
hexagonal outline. Plumbogummite belongs to the alunite supergroup [11] with general formula 
AB3(XO4)2(OH,H2O)6, where minerals form extensive solid solutions [1, 4,11]. The minerals of 
alunite supergroup are trigonal and of point group D53d and space group ( R -3m ) [12-16]. 
Plumbogummite is most often colourless, white, blue, greenish or pale green coloured. The basic 
structural units of plumbogummite are PO4 tetrahedra, with phosphorus atoms (P) at the center and 
oxygen atoms (O) at the corners, together with AlO6 octahedra, with aluminium atoms (Al) at the 
center and oxygen atoms at the corners. The tetrahedra and octahedra combine by sharing corners, 
to form composite layers. Lead atoms (Pb) occupy sites between the layers [15-16]. A model of the 
structure of plumbogummite may be obtained from the webmineral web site  
[http://webmineral.com/jpowd/JPX/jpowd.php?target_file=Plumbogummite.jpx}]. Raman 
spectroscopy has proven most useful for the study of supergene minerals [17-23]. To the best of the 
authors’ knowledge there have been very few vibrational spectroscopic studies of plumbogummite 
and no Raman studies of this mineral have been forthcoming. The objective of this paper is to 
report the Raman spectra of plumbogummite and relate the spectra to the molecular chemistry and 
the crystal chemistry of this phosphate mineral. The paper follows the systematic research on 
supergene minerals containing oxy-anions formed in the supergene zone [24-27].  
 
 
EXPERIMENTAL  
 
Minerals  
 
The studied sample of the mineral plumbogummite ("Czech Republic") consisting of 
yellowish white fine-crystalline aggregates was found in the quarry Kněžská hora near Těškov, 
western Bohemia, Czech Republic [28]. The second studied sample ("China") forming pale blue 
crystalline crusts was found at Guocheng mine, Yangshuo, Guangxi Province, China. Hand-picked 
samples were used for X-ray powder diffraction experiment. To minimize the complicated shape of 
background, the samples studied were placed on a flat low-background silicon wafer. Powder XRD 
measurements of plumbogummite were carried out with a Bruker D8 Advance diffractometer (40 
kV, 40 mA) in the range 5-65o 2θ in the step-scan mode (0.01o/8 s) with CuKα radiation. The 
position and intensities of reflections were calculated using the Pearson VII profile shape function 
in the ZDS program package. The measured patterns were indexed using theoretical pattern 
calculated from the crystal-structure data of plumbogummite [16] and the unit-cell parameters were 
refined from measured powder XRD using the program of Burnham [29]. The refined unit-cell 
parameters, a = 7.0190(7), c = 16.792(2) Å, V = 716.4 Å3 ("Czech Republic"), a = 7.0144(4), c = 
16.750(1) Å, V = 713.73(8) Å3 ("China") are comparable with published data of plumbogummite 
[6,7,15,16,30]. 
The plumbogummite samples were quantitatively analysed by Cameca SX 100 electron 
microprobe system in wavelength dispersion mode for chemical composition. Studied sample was 
mounted into the epoxide resin and polished. The polished surface was coated with carbon layer 
250 Å. An acceleration voltage of 15 kV, a specimen current of 5 nA, and a beam diameter of 5 μm 
were used. The raw intensities were converted to the concentrations using automatic PAP matrix 
correction software package. The H2O content was calculated from ideal formula. The results 
("Czech Republic" - mean of 5 point analyses) are CaO 0.10, FeO 1.05, PbO 38.39, Al2O3 23.85, 
P2O5 23.58, F 1.21, H2Ocalc. 9.77, the sum 97.94 wt. % and empirical formula on the basis of 4 
cation positions is (Pb1.05Ca0.01)Σ1.06(Al2.85Fe0.09)Σ2.94(PO3OH)1.00(PO4)1.03[(OH)5.61F0.39]Σ6.00. The 
results of the "China" sample are something complicated, there is found a deficiency in anion 
positions (P+As+S). Because of possible participation of (CO3)2- groups in in anion position of the  
structure of plumbogummite [16,30], this possibility was checked by thermogravimetric data 
combined with mass spectroscopy, and by IR spectroscopy (see below). The presence of (CO3)2- 
groups in the crystal structure of "China" plumbogummite was proved and their content was 
inferred from the ideal occupation of anion possition = 2. The chemical analyses of "China" sample 
(mean of 20 point analyses) CuO 1.55, PbO 41.96, Al2O3 23.96, CO2calc. 1.33, P2O5 19.99, As2O5 
0.07, SO3 1.32, H2Ocalc. 10.37, the sum 99.54 wt. % correspond to empirical formula 
Pb1.14(Al2.86Cu0.04)Σ2.90(PO3OH)1.00[(PO4)0.72(CO3)0.18(SO4)0.10]Σ1.00(OH)6.00. 
 The FTIR spectra of both plumbogummite samples were obtained with the FTIR Nicolet 
740 spectrometer using the conventional KBr-disk technique. Infrared spectrum in the range 4000 - 
400 cm-1 was obtained by the co-addition of 32 scans with a resolution of 2 cm-1 and a mirror 
velocity of 1496 cm/s. Spectral manipulation such as baseline adjustment, smoothing and 
normalization were performed using the OMNIC software. From the comparison of the infrared 
spectra of China and Czech plumbogummite samples studied (Fig. S1) was inferred evident 
participation of carbonate groups in the structure of the China sample. This is clearly demonstrated 
especially by infrared bands  at 1182 (overlapped with phosphate stretching bands), 1420 and 1473 
cm-1, which are attributed  to the 1 symmetric and the split 3 antisymmetric stretching vibrations 
of carbonate units, respectively.  
 
Raman spectroscopy  
Crystals and crystal fragments of plumbogummite were placed on a polished metal surface 
on the stage of an Olympus BHSM microscope, which is equipped with 10x, 20x, and 50x 
objectives. The microscope is part of a Renishaw 1000 Raman microscope system, which also 
includes a monochromator, a filter system and a CCD detector (1024 pixels). The Raman spectra 
were excited by a Spectra-Physics model 127 He-Ne laser producing highly polarised light at 633 
nm and collected at a nominal resolution of 2 cm-1 and a precision of ± 1 cm-1 in the range between 
100 and 4000 cm-1. Repeated acquisitions on the crystals using the highest magnification (50x) 
were accumulated to improve the signal to noise ratio in the spectra. Spectra were calibrated using 
the 520.5 cm-1 line of a silicon wafer. Previous studies by the authors provide more details of the 
experimental technique.  
Alignment of all crystals in a similar orientation has been attempted and achieved. 
However, differences in intensity may be observed due to minor differences in the crystal 
orientation. Spectral manipulation such as baseline correction/adjustment and smoothing were 
performed using the Spectracalc software package GRAMS (Galactic Industries Corporation, NH, 
USA). Band component analysis was undertaken using the Jandel ‘Peakfit’ software package that 
enabled the type of fitting function to be selected and allows specific parameters to be fixed or 
varied accordingly. Band fitting was done using a Lorentzian-Gaussian crossproduct  
function with the minimum number of component bands used for the fitting process. The Gaussian-
Lorentzian ratio was maintained at values greater than 0.7 and fitting was undertaken until 
reproducible results were obtained with squared correlations of r2 greater than 0.995.  
A Raman spectrum of plumbogummite from China (Yangshuo, Guangxi) has been 
published in the RRUFF database (without any interpretation as usually) 
[http://rruff.info/gummite/names/asc/R070700] was used for comparison of observed results. 
RESULTS AND DISCUSSION  
Phosphate vibrations  
 
The point symmetry of the free (PO4)3- units is Td and the 1 symmetric stretching vibration, 
the doubly degenerate 2 bending vibration, the triply degenerate 3 antisymemtric stretching 
vibration, and the doubly degenerate 4 bending vibration may appear. Symmetry lowering is 
connected with activation and splitting of degenerate vibrations. The Raman spectra of phosphate 
oxyanions may show a symmetric stretching mode (1) at 930-990 cm-1, an antisymmetric 
stretching mode (3) at 975-1140 cm-1, a symmetric bending mode (2) at 410-490 cm-1 and a 4 
bending mode at 510-670 cm-1 [30-33]. S.D. Ross in Farmer [34] listed some well-known minerals 
containing phosphate including plumbogummite, which were either hydrated or hydroxylated or 
both. According to Ross, the infrared spectrum of plumbogummite [34] showed antisymmetric 
stretching modes (3) at 1101 and 1182 cm-1, with water and OH stretching bands observed at 
2358, 3125 and 3413 cm-1. However, an infrared band at 2358 cm-1 may probably be assigned to 
the combination bands, (O3POH)2- stretching vibrations or strongly hydrogen bonded water 
molecules and/or hydroxyls. No phosphate symmetric stretching or bending modes were reported 
in the infrared by Ross [34]. Sejkora et al. [6,7] studied plumbogummite sample from Moldava 
deposits, Krušné hory Mts., Czech Republic. They inferred especially from the infrared spectra the 
presence of not only (PO4)3- units also of (O3POH)2-, however, they did not expect the presence of 
(O2P(OH)2))2- units in the crystal structure of plumbogummite samples studied. 
According to Pechkovski et al. [33], for the monohydrogen phosphate anion, (O3POH)2-, 
(C3v symmetry of the free unit), the following bands were observed: (1) a symmetric stretching 
mode 1 (PO3) was observed at 940 - 1010 cm-1, (2) antisymmetric stretching modes 3 (PO3) at 
1040 - 1170 cm-1, (3) symmetric bending modes 2 and (4) a 4 (O3PO) bending modes both 
observed in the range from 350 to 580 cm-1. The vibrational spectrum of the dihydrogen phosphate 
anion, (O2P(OH)2)-, (C2v symmetry of the free unit) has been also reported in Pechkovski et al.[33]. 
The 1 (PO2) symmetric stretching mode occurs at 1030 -1090 cm-1, the antisymmetric 3 (PO2) 
1130-1190 cm-1, while the POH symmetric stretching mode was reported at 700-900 cm-1. The 
POH antisymmetric stretching mode was reported at 915-970 cm-1, while the (O2PO2)  bending 
mode was reported at 300-570 cm-1. Vibrational bands of (PO4)3-, (O3POH)2- and (O2P(OH)2)- may 
overlap and any assignment may therefore make problems. However, the presence of „mobile 
protons“ in the crystal structure of plumbogummite does not seem to be expected. Thus beside of 
(PO4)3- may probably only (O3POH)2- unit be present, but not (O2P(OH)2))- units. 
Raman spectroscopy of plumbogummite  
 
The Raman spectra of plumbogummite from China and the Czech Republic in the 700 to 
1300 cm-1 region are shown in Figure 1. Raman peaks are observed for the plumbogummite sample 
from China at 826, 971, 980, ~1002, 1023, 1057, 1106 and 1182 cm-1. Peaks are observed at 826, 
913, 981, 996, 1026, ~1102 and 1179 cm-1 for plumbogummite from the Czech Republic. The 
Raman bands are broad and overlap; however, band component analysis enables some resolution of 
the component bands. One possible interpretation of these Raman bands, based upon the formation 
of hydrogen phosphate is as follows: The Raman bands at 971 and 980 cm-1 (China) and 981 cm-1 
(Czech) to the (PO4)3-  1 symmetric stretching mode, while the Raman bands at 1002 and 1023 cm-
1 (China) and at 996 and 1026 cm-1 (Czech) are assigned to the 1 (O3POH)2- [1 PO3] symmetric 
stretching mode. The higher wavenumber bands at ~1057, 1106 and 1182 cm-1 (China) and 1102, 
1104 and 1179 cm-1 (Czech) are assigned to 3 antisymmetric stretching modes of the (PO4)3- and 
also of the (O3POH)2-  [3 PO3] units. An intensive Raman band at 1106 cm-1, observed in the 
spectrum of China sample, is most probably cause by the presence of (CO3)2- units in the studied 
sample. It may be therefore assigned to the 1 (CO3)2- symmetric stretching vibration, overlapped 
with stretching vibrations of phosphate units.  A Raman spectrum of plumbogummite from China 
has been published in the RRUFF database [http://rruff.info/gummite/names/asc/R070700] as 
usually without any interpretation. Raman bands are observed at 981, 1003, 1022, 1094, 1108, 1189 
and 1252 cm-1 (Fig. S2). These bands are in reasonable agreement with the spectra of this work. A 
very weak Raman band at 826 cm-1 (China and Czech) may be connected with libration mode of 
water molecules. 
The Raman spectra of the two plumbogummite samples studied in the 100 to 700 cm-1 
region are displayed in Fig 2. Three Raman bands are resolved at 464, 494 and 507 cm-1 (China) 
and 464 and 505 cm-1 (Czech) and are attributed to the (PO4)3- 2 bending mode. The observation 
of three and two bands, respectively, suggests some distortion of the phosphate anion, perhaps 
brought about by the position of the different cations around the phosphate anion. Three bands are 
observed in the Raman spectrum of plumbogummite from the RRUFF database (Fig. S3) at 463, 
492 and 504 cm-1. The position of these bands fits well with the assignment to the (PO4)3- 2 
bending mode. The Raman bands at 613 cm-1 together with the broad feature at 583 and 634 cm-1 
(China) and at 611 and 596 cm-1 (Czech) are attributed to (PO4)3- 4 bending modes. Raman bands 
are observed in the RRUFF data base spectrum of plumbogummite at 579, 612 and 634 cm-1. These 
bands are assigned to (PO4)3- 4 bending modes.  
As mentioned, it is difficult to distinguish between the bending modes of the (PO4)3- and 
(O3POH)2- bending modes. According to Pechkovski et al. [33], the bands for each of these units 
occur in the same position or form part of a broader band profile.  
The Raman bands below 300 cm-1 may simply be described as lattice modes. However, it is 
considered that the bands at 251 and 281 cm-1 (China) and 254 and 282 cm-1 (Czech) are related to 
the hydrogen bonds formed between the hydroxyl units and the phosphate units. Some of these 
bands and those at 368 and 388 cm-1 (China) and at 367 cm-1 (Czech) may be connected with Pb-O 
and Al-O stretching vibrations. Intense Raman bands are observed at 252 and 276 cm-1 and with 
lower intensity bands at 374, 364, 237, 187 and 174 cm-1 in the RRUFF database spectrum of 
plumbogummite. Raman bands  145, 163 and 187 cm-1 and at 148, 167 and 184 cm-1 are assigned 
to lattice vibrations.  
The Raman spectra of plumbogummite in the 2800 to 3800 cm-1 region are reported in 
Figure 3. The spectra are characterised by broad overlapping bands. Raman bands are identified at 
2824, 3121, 3249, 3372, 3469 and 3602 cm-1 for plumbogummite from China and at 3077, 3227, 
3362, 3480, 3518 and 3601 cm-1 for the Czech Republic sample. The band at ~3610 cm-1 is 
assigned to the OH stretching vibrations of the OH units of the AlOH octahedra. Bands in this 
position are common for clay minerals such as kaolinite. The Raman bands in the 3227 to 3518 cm-
1 are assigned to water stretching vibrations. The Raman band at 3077 cm-1 (Czech) and 2824 and 
3121 cm-1 (China) are attributed to (O3POH)2- units. Unfortunately, the RRUFF database spectrum 
of plumbogummite does not show any Raman bands above 1200 cm-1; so no hydroxyl stretching 
region may be discussed. Approximate O-HO hydrogen bond lengths of water molecules and 
hydroxyls were inferred from the Raman spectra using the Libowitzky’s relation [35]. They vary 
approximately in the range >3.2 – 2.62 Å (China) and >3.2 – 2.67 Å (Czech).      
CONCLUSIONS  
The Raman spectra of two plumbogummite mineral samples from the Czech Republic and 
China were studied and related to the structure of the mineral. The spectra display broad bands 
which are resolved into component bands. Raman bands are attributed to the stretching and bending 
vibrations of the phosphate species (PO4)3- and most probably (O3POH)2-, water molecules and 
hydroxyl ions. Aproximate O-HO hydrogen bond lengths were inferred from the Raman spectra 
with the Libowitzky’s empirical relation [35]. The minority presence of carbonate unit in such 
complex phosphates may be observable also with Raman spectroscopy, however, because of 
overlap with stretching phosphate bands not clearly ascertainable. On the contrary, infrared 
spectroscopy and thermogravimetric analysis combined wiht mass spectroscopy offered clearer 
evidence.  
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